Gold nanoparticles were synthesized using Ananas comosus as reducing agent. UV-visible spectra show the surface plasmon resonance peak at 544 nm. TEM measurement shows that the formation of monodispersed spherical nanoparticles with average size of 7 nm. Crystalline nature of the nanoparticles was evident from TEM images and peaks in the XRD pattern. FTIR analysis provides the presence of biomolecules responsible for the reduction and capping of the prepared gold nanoparticles. A selective and sensitive method is proposed for detecting mercury based on the SPR change of gold nanoparticles. This mercury sensor based on surface plasmon optical sensor can be used in water analysis.
Introduction
The determination of heavy metal ions in water is of great importance because of their role in the physiological functions of biological systems. 1 Among the heavy metal ions, mercury is an most dangerous metal ions for environment and has most commonly toxic risks for human contacting areas as a result of natural processes, because it is widely distributed in air, water and soil and it is a toxic element that exists in metallic, inorganic, and organic forms. 2 Mercuric ion (Hg 2+ ), exists mostly in surface water due to its high water solubility and it can cause several developmental delays and health problems that can damage the brain, nervous system, kidneys, and endocrine system. 3, 4 Therefore, the analysis and measurement of detecting mercury in aqueous media is important. A variety of methods have been developed for quantification of Hg 2+ concentrations such as atomic absorption spectroscopy, inductive coupled plasma mass spectroscopy, electrochemical impedance spectroscopy, voltammetry and polarography. But, these methods are expensive, complicated sample treatment and mostly take a long measuring period. The selective optical sensor is an alternative method and has been attracted due to the excellent sensitivity, rapid response, the ability to do the detection in a non-destructive manner and cost-effective.
Metal nanoparticles have been received much attention due to their unique optical, electrical and catalytic properties. The size, shape and surface morphology of the particles were crucial in tuning these properties of nanosized metal particles. This was mostly significant for noble metals having strong surface plasmon resonance (SPR) oscillations. There were many synthetic methods have been developed to prepare nanoparticles, including chemical, physical and biological methods, among which green synthesis of metal nanoparticles remains the simplest and environment friendly method. All these synthetic methods vary generally in the way the electrons required for the reduction were provided. Green synthesis of nanoparticles using D.carota, S.lycopersicums, Beetroot, H.Cannabinus leaf, Moringa oliefera flower, Avena sativa and Hibiscus cannabinus stem has been reported. [5] [6] [7] [8] [9] [10] [11] Among the different metallic nanoparticles, gold nanoparticles have diverse activities and exhibit novel properties such as high surface and variation in electronic and optoelectronic properties; have made them more appropriate for therapeutic use and broad applications in nanobiotechnology. The chemical inertness and resistance to surface oxi-dation make gold an important material for use in nanoscale technologies and devices. This property is crucial when particle size approaches the nanostructure and the dominance of surface atoms results in an enhanced chemical reactivity.
In this work, gold nanoparticles were synthesized using Ananas comosus fruit extract as reducing agent. Since Ananas comosus is a readily available fruit and it is a good source of water, carbohydrates, sugars, vitamins A, C and carotene, beta. 12 It contains low amounts of protein, fat, ash and fibre. It is a good source of citric acid, malic acid and ascorbic acid 12, 13 and also contain three types of amino acids. Along with this, it also contains bromelain, a protein-digesting enzyme that reduces inflammation. Modified pineapple peel fibre was used to remove heavy metal ions in water through the reaction with succinic acid anhydride. 14, 15 Bhosale et al. reported the synthesis of nanoparticles using Ananas comosus extract as reducing agent with kanamycin A and neomycin as stabilizing agents. 16 They prepared larger nanoparticles with agglomeration.
In the present study, the synthesis and characterization of monodispersed small gold nanoparticles using fruit extract of Ananas comosus has been described. Here the size and aggregation of the nanoparticles were controlled without any additional stabilizing agents. The sensing activity of gold nanoparticles obtained by this method has been also described.
Experimental Techniques

1. Materials and Methods
Ananas comosus fruit was collected from local supermarket in Kodaikanal, Tamilnadu, India. Chloroauric acid and various heavy metals were obtained from Sigma Aldrich Chemicals. All glasswares were properly washed with distilled water and dried in hot air oven before use.
Preparation of Ananas Comosus Extract
Fully riped Ananas comosus fruit weighing 100 g cut into fine pieces and were crushed into 100 ml distilled water in a mixer grinder for extraction. The extract was then separated by centrifugation at 1000 rpm for 10 min to remove insoluble fractions and macromolecules. Then the extract obtained was filtered and finally a light yellow extract was collected for further experiments.
3. Synthesis of Gold Nanoparticles
For the synthesis of gold nanoparticles, 5ml of Ananas comosus extract was added to aqueous solution of HAuCl 4 (3 mM) and stirred continuously for 5min at room temperature. Upon addition of fruit extract, the color of the solution gradually changes from light pink to characteristic dark ruby red upon completion of reaction of the gold colloid (g1). Similarly by adding 10 and 15 ml of fruit extract two more set of samples henceforth called (g2) and (g3) respectively were prepared. UV-visible spectra of these solutions were recorded. Then the solutions were dried. The dried powders were characterized by X-ray diffraction (XRD), Fourier Transform Infrared Radiation (FTIR), Transmission Electron Microscope (TEM) and Energy Dispersive X-ray Spectroscopy (EDX).
4. Characterization Methods and Instruments
The absorption spectra of the prepared nanoparticles were measured using a Shimadzu spectrophotometer (UV 1700) in 300-800 nm range. X-Ray Diffraction analysis of the prepared nanoparticles was done using PANalytical X'pert -PRO diffractometer with Cu Kα radiation operated at 40 kV/30 mA. FTIR measurements were obtained on a Nexus 670 FTIR instrument with the sample as KBr pellets. Transmission Electron Microscopic (TEM) analysis was done using a JEOL JEM 2100 High Resolution Transmission Electron Microscope equipped with an EDX attachment, operating at 200kV.
Results and Discussion
1. UV-visible Studies
Noble metals are known to exhibit unique optical properties due to the property of SPR which is the collective oscillation of the conduction electrons in resonance with the wavelength of irradiated light. In the present 
Rajam et al.:
Monodispersed Gold Nanoparticles as a Probe ... study the formation of gold nanoparticles was initially conformed using UV-Visible spectroscopy by measuring Surface Plasmon Resonance (SPR) peaks. Gold nanoparticles exhibit plasmon absorption bands that depend on their size and shape. Fig. 1 shows the absorption spectra obtained for gold nanoparticles with different concentration of fruit extract. The colour variation of the obtained gold nanoparticles for different concentration of Ananas comosus fruit extract has been shown in Fig. 1(inset) . These characteristic color variations are due to the excitation of the surface plasmon resonance in the metal nanoparticles. As the concentration of fruit extract increases, an fwhm value decreased from 105 nm to 94 nm and blue shift observed from 550 to 544 nm in the reaction medium, indicating the formation of small nanoparticles.
As the particles decrease in size, the absorption peak usually shifts toward the blue wavelengths caused by the donation of electrons to the particles. It has been well established that the maximum wavelength of nanoparticles strongly depends on size, shape, state of aggregation and the dielectric environment. This directly corresponds to a shift of the absorption peak, whereby small gold particle sizes will cause an absorption peak shift to smaller wavelengths, higher frequency and energies. 17 The observed symmetric nature of the SPR indicates the formation of spherical nanoparticles. As the concentration of the extract increases more number of citric, malic and ascorbic acids are available to reduce gold ion and forms large number of very small nanoparticles gives rise to sharp, intense and blue shifted SPR. It was further confirmed by the TEM images shown in Fig. 4 and 5. The symmetric nature of the SPR and the absence of peaks in the longer wavelength region indicate the absence of nanoparticle aggregation. Ascorbate, malate and citrate ions in the fruit extract introduce the negative charge onto the particle surface and thus preventing the particles from aggregation. Thus from the results it can be concluded that the concentration of fruit extract plays an important role in the formation of gold nanoparticles. The obtained nanoparticles were stabilized by physical adsorption of excess negatively charged citrate, malate and ascorbate ions in the solution medium, and thus a repulsive force worked along particles electrostatically and preventing them from aggregation.
2. XRD Studies
The crystalline structure and phase purity of the prepared gold nanoparticles were confirmed with X-ray diffraction (XRD) analysis. Fig. 2(a) shows the XRD pattern for the dried powder of Ananas comosus. Three diffraction peaks were observed at 28.5°, 40.8° and 50.9° signify the presence of ascorbic acid (JCPDS 22-1560), citric acid (JCPDS 22-1568) and malic acid (JCPDS 23-1631) in the Ananas comosus extract. Fig. 2(b) shows the XRD pattern for g1 and g3. The broad diffraction peaks were observed at 38.2°, 44.1°, 64.8°and 77.6°in the 2θ range and they corresponding to (111), (200), (220) and (311) Bragg's reflections based on the FCC structure of gold nanoparticles with space group of Fm-3m (JCPDS: 04-0784). No peaks of crystallographic impurities in the sample have been found. Generally, the breadth of a specific phase of material is directly proportional to the mean crystallite size of that material. The obtained broader peaks with increasing fruit extract concentration indicating smaller particle size. The XRD line width can be used to estimate the size of the particle by using the Debye-Scherrer formula as D = kλ/β cosθ where D is the particle size (nm), k is a constant equal to 0.94, λ is the wavelength of X-ray radiation (1.5406 Å), β is the full-width at half maximum (FWHM) of the peak (in radians) and 2θ is the Bragg angle (degree). The average particle size, lattice constant, cell volume, surface area to volume (SA: V) ratio, specific surface area (SSA) and Crystallinity index were calculated and tabulated Table. 1.
The calculated average particle size for both g1 and g3 indicates that the particle size decreased with the concentration of the fruit extract increased. The calculated lattice constant values are very close to the standard data (JCPDS File no. 04-0784) and the sample exhibit smaller cell volumes that of bulk. As shown in Table. 1, the observed values of both specific surface area (SSA) and SA:V ratios were increased with decreasing particle size. The SSA has a particular importance in reactivity. It gives the rate at which the reaction will proceed. Because of the large number of atoms available in the reaction medium (g3) makes the reaction faster and hence make them more suitable for broad kind of applications. Crystallinity was evaluated by comparing the crystalline size obtained by XRD to TEM particle size determination. The calculated values of crystallinity index were close to one which indicates the monocrystalline nature of g1 and g3.
FTIR Studies
FTIR analysis was carried out to identify the chemical change of the functional groups involved in bioreduction. Fig.3(a) shows the FTIR spectrum of the Ananas comosus fruit extract, shows prominent bands at 3417, 2924, 1640, 1019 and 801 cm -1 in the 4000 -500 cm -1 region. These peaks are assigned to O-H stretching, CH stretching, C=C ring stretching, C-O-C stretching and C-C ring stretching of ascorbic acid, respectively.
18 Fig. 3(b) shows that the FTIR spectrum of g3. The peak at 3417 cm -1 was also due to the OH stretching of citric and malic acid. 19, 20 An interesting peak observed at 2369 cm -1 in the spectrum of extract was assigned to NH -stretching of amines. This vibrational mode was completely reduced in the spectrum of g3. It may the presence of bromelain in the extract. Bromelain is a protein which functions as an enzyme known as proteolytic enzymes. These enzymes have the ability to separate all important peptide bonds. This possibly leads to the absence of this vibrational mode during the synthesis of gold nanoparticles (g3). The interesting peak at 1640 cm -1 in the spectrum of extract was assigned to C=C ring stretching of vitamin C, OCO asymmetric stretching of malic acid and C=O stretching of citric acid, was appeared at a sharp peak at 1601 cm -1 in the spectrum of g3.
Another interesting broad peak observed at 1414 cm -1 in the spectrum of extract was show at a symmetric peak at 1390 cm -1 in the spectrum of g3, was due to OCO symmetric stretching of malic acid, COH deformation of citric acid and CH 2 wagging of ascorbic acid. Similarly, the symmetric peak observed at 1115 cm -1 was due to C-O-C stretching of ascorbic acid and C-C stretching of malic and citric acid. This indicates that the carboxylic acid groups present in the Ananas Comosus fruit extract was responsible for reduction of AuNPs.
4. TEM Studies
The TEM images of the g1 and g3 were shown in Fig. 4 and 5 respectively. The prepared nanoparticles exhibit size dependent morphology. At the TEM image of g1, monodispersed and spherical nanoparticles of average size of 17 nm with diameter ranging from 13 nm to 26 nm (Fig.4) . The TEM image of g3, synthesized by higher fruit extract concentration showing the presence of monodispersed spherical nanoparticles of average size of 7 nm ranging from 3 to 15 nm size (Fig. 5) . Here, most of the particles observed in the range of 4 nm to 8 nm. As the concentration of fruit extract increases large number of citrate, malate and ascorbate ions are available to reduce gold ion and forms small nanoparticles. The smaller size of g3 was also due to their high specific surface area and its monocrystalline nature. More number of nanoparticles observed in TEM images of g3 in comparison to g1. In both cases, the observed nanoparticles were spherical and homogeneous distribution, which was confirmed from the symmetric nature of SPR shown in Fig. 1(a) . Strong interaction between biomolecules in the fruit extract and sur- Table. 1. The average particle size, lattice constant, cell volume, surface area to volume (SA: V) ratio, specific surface area (SSA) and crystallinity index of the prepared nanoparticles. face of nanoparticles was sufficient to the formation of spherical nanoparticles preventing them from sintering. At lower concentration of fruit extract the citric, ascorbic and malic acid present in fruit extract was insufficient to reduce gold ion, indicating larger size particle. The twined particles observed in Fig. 4(c), 4(d) , 5(c) and 5(d) were identified by showing brightness in part of the particles as compared to the other parts. Generally, twinning, the planar defect is observed for face-centered cubic (fcc) structured metallic nanocrystals. Sharing of a common crystallographic plane by two subgrains gives rise to twinning. Face-centered cubic (fcc) structured metallic nanostructures have a tendency to nucleate and grow into twinned particles with their surfaces bounded by lowest energy facets (111) 21 . The formation of gold was further confirmed by the analysis of the energy dispersive spectroscopy shown in Fig. 6. 
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5. Sensing Activity
Sensing is one of the important applications of nanoparticles. Nanoparticle-based optical surface sensors have received much attention due to their faster response and better resolutions. The interaction between natural biomolecules and the surface of the inorganic nanoparticles paves the way for development of sensing system. ) was examined by adding 1ml of (3mM) salts of these metals into the 2 ml of AuNPs by drop by drop and stirred for 5 min. UV-vis spectra (Fig.6 (a) ) of AuNPs were taken immediately after addition of metal ions, after 5 min of interaction. It was observed that except Hg 2+ no other metal ions exhibited a colour change. UV-vis spectra of these heavy metals interacted with AuNPs were shown in Fig.7 (a) . It was observed that the intensity of the SPR bands get reduced for all metal ions as compared to that of the AuNPs. Only mercury got almost quenching of the SPR peak among all the metals, including alkali metal (Li + ions to the aqueous AuNPs (5 ml) at room temperature. With the increase of Hg 2+ ions, the color sequentially changed from purple to colorless. The addition of 0.188 mM to 0.653mM Hg 2+ to the AuNPs solution causes color changes from light purple to colorless were observed shown in Fig. 7 (b) (inset) . The UV-vis spectrum correspondingly recorded and shown in Fig. 7(b) . With increasing the concentration of Hg 2+ ion to the AuNPs causes immediate reduction in the intensity of surface plasmon peak at 544 nm. This could be accounted for the slight blue shift of the SPR band of gold nanoparticles. It shows absorbance strength decreases gradually by increasing the concentration of Hg 2+ ion. With increasing Hg 2+ ion concentration, blue shift of the SPR peak was also obtained. When Hg 2+ ion added to the prepared nanoparticles, Hg
2+
ions interact with the biomolecules (carboxylic acid groups) in the Ananas comosus fruit extract on the surface of the nanoparticles form bonds among nanoparticles with Hg 2+ ions performing as link for binding sites of biomolecules and eliminating it away from the surface of the nanoparticle surface, in that way aggregation of nanoparticles had taken place. This could be accounted for the slight blue shift of the SPR band of gold nanoparticles. There was no SPR peak was observed after the addition of 0.653 mM Hg 2+ , suggesting the concentration of Hg 2+ was limited to 0.653 mM. So The linear variation of absorbance (ΔA) changes and the concentration of Hg 2+ over the range from 0.188 mM to 0.653mM shown in Fig. 7(c) . This because aggregates with multiple particles yield large enhancements due to the enormous electromagnetic field that coherently interfere at the junction site between the particles. This mercury sensor based on surface plasmon optical sensor can be used in environmental monitoring especially in water purification.
Conclusion
The present simple study was designed to slow reduction of chloroauric acid using fruit extract of Ananas comosus as reducing agent. This green synthesis method has formed monodispersed spherical gold nanoparticles with average size of 7 nm. The prepared nanoparticles were characterized by UV-visible, Fourier transform infrared spectroscopy (FTIR), transmission electron microscopy (TEM) and energy dispersive spectroscopy (EDS) technique to identify the size, shape of nanoparticles and biomolecules act as reducing agents. FTIR measurements show that carboxylic acid groups present in Ananas comosus fruit extract was used as reducing agent. The prepared gold nanoparticles were stable for one month without aggregation. The surface plasmon resonance of prepared gold nanoparticles was confirmed by UV-visible spectral analysis. As the concentration of Ananas comosus fruit extract increases, absorption spectra shows blue shift with decreasing particle size. The prepared AuNPs were sensitive and selective towards Hg 2+ . This mercury sensor based on surface plasmon optical sensor can be used in water analysis by detecting the concentration of Hg 2+ ions.
